Abstract-Recent study by FCC Spectrum-Policy Task Force (SPTF) found that while the available spectrum becomes increasingly scarce, the assigned spectrum is significantly underutilized. Cognitive radio (CR) technology refers to a new type of radio hat uses real-time interaction with its environment to determine transmitter parameters such as frequency, power, and modulation. This paper presents a preliminary survey of CR with the goal of quantifying spectral occupancy and thereby gaining some insight into its feasibility. Two case studies were investigated: ultra-wide bandwidth technology as a transmission technique suitable for implementing a cognitive radio system was discussed, and a comparable measurement of TV spectrum band in an urban environment is also presented.
I. INTRODUCTION
The growth of wireless services over the past several years demonstrates the vast and growing demand of American businesses, consumers, and government for spectrum-based communications. Spectrum access, efficiency, and reliability have become critical public policy issues. The term Cognitive Radio was first defined by Mitola [1] , [2] in 1999. The new CR technologies are increasingly being used in spectrumbased communication systems and are likely to become more and more prevalent over the next few years. These technologies hold tremendous promise in helping to facilitate more effective and efficient access to spectrum by opening opportunities for spectrum use in space, time, and frequency dimensions that until now have been unavailable [3] . Also it include the ability of devices to determine their location, sense spectrum use by neighboring devices, change frequency, adjust output power, and even alter transmission parameters and characteristics [4] . The ability of CR technologies to adapt a radio's use of spectrum to the real-time conditions of its operating environment offers regulators, licensees, and the public the potential for more flexible, efficient, and comprehensive use of available spectrum while reducing the risk of harmful interference.
In this paper, the opportunities for flexible, efficient, and reliable spectrum use by radio equipment employing CR technologies are discussed, a survey of CR system capabilities and applications. Based CR concept, we discuss two case studies: cognitive ultra-wide bandwidth radio as a candidate technique to implement a cognitive radio system, and TV spectrum band as suitable share band.
II. COGNITIVE RADIO CAPABILITIES CR technologies have the potential to provide a number of benefits that would result in increased access to spectrum and also make new and improved communication services available to the public. Capabilities that cognitive radios can be incorporate to allow for more efficient, flexible spectrum use include [5] .
• Frequency Agility -the ability of a radio to change its operating frequency to optimize use under certain conditions • Dynamic Frequency Selection (DFS) -the ability to sense signals from other nearby transmitters in an effort to choose an optimum operating environment • Adaptive Modulation -the ability to modify transmission characteristics and waveforms to exploit opportunities to use spectrum.
• Transmit Power Control (TPC) -to permit transmission at full power limits when necessary, but constrain the transmitter power to a lower level to allow greater sharing of spectrum when higher power operation is not necessary.
• Location Awareness -the ability for a device to determine its location and the location of other transmitters, and first determine whether it is permissible to transmit at all, then to select the appropriate operating parameters such as the power and frequency allowed at its location.
• Negotiated Use -a CR could incorporate a mechanism that would enable sharing of spectrum under the terms of a prearranged agreement between a licensee and a third party. Cognitive radios may eventually enable parties to negotiate for spectrum use on an ad hoc or real-time basis, without the need for prior agreements between all parties. III. COGNITIVE RADIO SYSTEM A cognitive Radio is a radio that is able to sense the spectral environment over a wide frequency band exploit this information to opportunistically provide wireless links that best meet the user communications requirements, then the three key aspects of a CR are: Sensing, which a CR must be able to identify the unused spectrum segments, adaptation, which a CR must be able to change signal frequency and spectrum shape to fit into the unused spectrum segments, and cooperation without cause harmful interference to the other users. In the next section we will discuss these three aspects.
A. Spectrum Sensing
Physical layer sensing methods can be classified to three categories: matched filter, power based sensing and waveform sensing methods. Matched filter need priori knowledge of target signal, if only power is known about target signal, power based sensing method can be used in this case [6] . If the target signal patterns known i.e., (DTV, PAL …etc), waveform based method can be performed.
B. Matched Filter
The matched filter is one of interested techniques used for spectrum sensing. The main properties of matched filter, it maximizes received signal-to-noise ratio, where the problem is to select the filter impulse response that maximizes the output . Consider the received signal is [7] :
(1) where is the target signal; is the white Gaussian noise; At the sampling instant , the filter response to the target signal and noise is:
Where represents the signal component, the noise component, then define as
is the noise variance at the output of the filter, which it depend on PSD of the noise. We have Finally, we obtain the expiration for output SNR as
Matched filter effectively requires priori knowledge of target signal at both PHY and MAC layers, e.g. modulation type and order, pulse shaping, packet format.
C. Energy-Based Sensing
Energy-based sensing is a suboptimal technique has been extensively used in radiometer, which it perform non-coherent target signal detection. The power sensing metric is [7] :
Where is the buffer size and N 2 ) (t y is a sequence of independent, identical distribution (i.i.d) random variables, which the target signal is determined by comparing the measured sensing metric against certain sensing threshold . However this method is prone to false detection and usually work poorly when the target signal is low (i.e., UWB), where false detection probability is the probability that . Also the threshold is highly susceptible to unknown or changing noise levels even if the threshold would be set adaptively, presence of any in-band interference would confuse the decision.
The waveform sensing metric [8] :
where is the target signal conjugate, equation (6) can be represented as:
Waveform sensing usually gives far pattern performance than power-based sensing in terms of sensing sensitivity and reliability.
E. Signal Adaptation
As discussed above, the users should listen to the environment, determine the radio noise level of the channels and estimate their interference contributions on their neighbors. Based on these measurements, the users should react by changing their transmission parameters if some other users may need to use the channel. The transmission channel quality can be characterized by a required Bit Error Rate (BER) target and an equivalent SIR target requirement can be determined by the modulation type and the amount of channel coding.
The Signal-to-Interference Ratio (SIR) measured at the receiver associated with transmitter i can be expressed as [9] :
where is the transmission power at transmitter , is the link gain between transmitter and receiver . is the interference function characterizing the interference created by node to node and is defined as 
To maintain a certain BER constraint the nodes can adapt at both the physical and the network layer level. At the network level, the nodes can minimize the interference by appropriately selecting the transmission channel frequency. At the physical layer, power control can reduce interference.
F. Cognitive Radio Cooperation
The performance of spectrum sensing methods are limited by received signal strength (RSS) which may be severely degraded due to multipath fading and shadowing. Digital TV measurements (section 5.2) report standard deviations of 2.0 to 4.0 for lognormal shadowing effects [3] . By allowing the cognitive radios operating in the same band to cooperate may reduce the detection time and thus increasing their agility as illustrated in Figure 1 . In [10] a cognitive radio network spread out in a circle, and TV receiver located at a 10 km from the radio network, which standard Hata-Okumura model for suburban environments has been used. Each cognitive radio performs local sensing and decides on the presence of main signal (TV signal in this case). Figure 2 shows the probability of interference to the TV receiver from the cognitive radio network. The fraction of the network consulted by each cognitive radio is varied between 0 (no cooperation), 10% and 20%. From the figure we see a drastic reduction in probability of interference as the fraction of radios consulted is increased, also reduction in probability of interference as the number of cognitive radios in the network is increased. IV. COGNITIVE RADIO APPLICATIONS Rural Markets and Unlicensed Devices; The lower spectrum density and the greater distances between premises in rural areas can make it difficult for certain types of unlicensed operations at the current Part 15 limits to provide adequate signal coverage. Such operations include Wireless Internet Service Providers (WISPs) and wireless LANs operated between buildings or other locations with a large separation between transmitters. These operations could potentially benefit from higher power limits in rural areas, which would result in greater transmission range. Because spectrum is generally not as intensively used in rural areas, it may be possible for unlicensed devices to operate at higher power levels in those areas without causing harmful interference to authorized services [5] .
Interruptible Spectrum Leasing; with CR many licensees will enter into leasing arrangements under which they retain only minimal rights to interrupt and access the spectrum for their own use during the term of the lease. This can be done very infrequently and for limited time periods to assure that the primary licensees will continue to be satisfied. One particularly appropriate use of interruptible leasing could employ by public safety entities for spectrum leasing.
Dynamically Coordinated Spectrum Sharing; For example, informal ad hoc spectrum sharing can be used in frequency bands with different services that have unpredictable spectrum use patterns. Sharing mechanisms in the network rely on local frequency coordinators to manually track frequency use in a given geographic area and inform parties of frequencies currently not in use. Coordination potentially could be made more effective with real-time information gathering and automated waveform selection made possible by CR technologies. Interoperability between Communication Systems; The lack of interoperability has been identified as a significant problem in the response to several disasters involving multiple jurisdictions; CR technologies offer solutions to the increasingly crucial interoperability demands between secondary users and other licensed users. For example, the FCC has designated new spectrum (2.6 MHz) from the 24 MHz of the DTV transition for public safety interoperable.
Emerging technologies, such as "mesh" networks, rely on each node in an RF network to collect and disseminate information and optimize spectrum use by relaying messages through the RF network.
V. COGNITIVE RADIO: TWO CASE STUDIES In this section we discuss two case studies; concept of cognitive ultra-wide bandwidth radio and a cognitive radio within TV spectrum band.
A. Cognitive Ultra-Wide Bandwidth Radio
Ultra-wideband width (UWB) or IEEE802.15.3a task group is a promising candidate for next generation wireless communications in multimedia rich environments [11] . UWB systems spread the transmitted signal power over an extremely large frequency band with very low power spectral density (PSD). Due to the wide bandwidth of the transmitted signal, UWB signal energy will spread over the frequency bands allocated to other radio systems as shown in Figure 3 . By consider Cognitive UWB radio some overlapped narrowbands causing serious interferences can be avoided (e.g. 5 U-NII GHz band in IEEE 802.11a).
In order to realize Cognitive UWB Radio, multiple pulse waveform adaptations have been extensively investigated [12] to produce the expected spectral notches to adjust the actual interference environment while matching with FCC spectral mask and other frequency regulation requirements. 
B. Cognitive Radio on TV
The FCC proposal selected the TV bands as an initial home for CR based on several factors [13] . First, the frequencies used for TV would give greater range in rural areas than the microwave frequencies used for Wi-Fi, and areas. Second, TV broadcast systems usually use high antennas, and the intended receivers need greater than 10 dB signal-to-noise ratio (SNR) to function (higher for analog NTSC). These large SNR ratios simplify the technology needed to detect whether a channel is currently in use. Finally, TV transmitters are left on more or less continuously, and infrequently change location or frequency. Thus, it would appear that it would be simpler to use CR in TV bands than in any other band. While these factors would also apply to AM and FM broadcasting, the 6 MHz bandwidth of TV channels makes them particularly attractive for this use.
In [10] an urban measurement has b would also give better building penetration than Wi-Fi in all een conducted ests a during a weekend in the Columbus city, Ohio. The data has been analyzed using two methods mean (power channel is linearly averaged in time). To provide a rough estimate of sensitivity, the antenna was replaced by a matched load at ambient temperature and the experiment was repeated. The second method is max (maximum power observed in the channel). Together, the mean and max results provide a simple characterization of the temporal behavior of a channel. For example, when the results are equal, it sugg single transmitter which is always on and which experiences no fading (and so is probably not moving either) as shown in Figure 4 in the range of 0-90MHz .At the other extreme, in Figure 5 in the range of 0-90 MHz, a large difference between the mean and max measurements suggests intermittent use of the channel. In the urban setting, 30-60 MHz and 140-180 MHz were observed to be possible candidates for frequencyagile operation. VII. CONCLUSIONS Access to Radio spectrum is presently regulated either as licensed, where the rights to use specific spectral bands are granted in exclusively to an individual operator, or as unlicensed, where certain spectral bands are declared open for free use by any operator or individual following specific rules. While cognitive Radio allow for spectrum to be shared efficiently in more flexible fashion. CR will introduce new communication and network models for the XG wireless network and create better business opportunities.
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